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(54) PRODUCTION OF N-BENZYL-3-PYRROLIDINOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently obtain the subject compound useful as an 
intermediate for synthesizing medicines, etc., by stereo-selectively reducing N-benzyl-3- 
pyrrolidinone by an enzymatic reaction in two layers comprising an aqueous layer containing 
an enzyme and an organic solvent layer. 

SOLUTION: This method for producing optically active N-benzyl-3- pyrrolidinol comprises 
stereo-selectively reducing N-benzyl-3-pyrrolidinone by an enzymatic reaction. Therein, the 
enzymatic reaction is carried out in two layers comprising an aqueous layer containing an 
enzyme (e.g. glucose dehydrogenase) and an organic solvent layer comprising an ester, an 
alcohol an aromatic compound, an ether, a ketone, an aliphatic hydrocarbon or a halogenated 
hydrocarbon which can form the two layers together with the aqueous layer. In an 
embodiment, the N-benzyl-3-pyrrolidinone is reacted with glucose, nicotinamide adenine 
dinucleotide phosphate of coenzyme, etc. Thus.the objective optically active N-benzyl-3- 
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pyrrolidinol useful as an intermediate for synthesizing medicines, etc., is efficiently obtained. 
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[0002] 20 
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~)\^<^mmi]mx'f>'yx , ±ie»*s«^. 

A>^r I. Z®^4>T'ff 3 ^t^vStt'SrN -<y i-Vi/- 3 - e 

[00051 *^BM^>{4. nmm<7)^t^i N - 
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m^-^m UM^b ix^i&mx'h i^mm^-Kyiy' 

3 - fn u yy-ju^cTj^t^mt^&T-ti:: t iM 
^bx\^l. tfz. ±Dt!tl5TJ>l.N-^y>'';i.-3-tr 

*^>{±. SMt'S)-?)N-<yi/7l'-3-tnU>'Vyco 
3 - to 'J yJi, i 

jk'Pxm^^z^^-fhztiM.^^niUz. 

\i. Amb^WmMb(nzMmX'\,i. n-Ky-y)V 

- 3 - tn u i^v y\t±mmmMmm'¥mm lx 

C ^ I. ^cto . $ Sr i> Tt: ^>-rSHt'S) I. * i: OtiMM 

[0006] nw.\izmmw.)B<^^miiXhh'^-<yi^ 
IV- 3 - t°a 'J vv-;i^i*ii a ^mmm t <r)z.mm 
^x'\tkmmmmm^\.z-^^Lx\^h. -it. m 
mmmm^Z'm^xum. mm. wm. x 
^-ii^-mmii, -mi>zyiimmt-^^x'httz>ib. ±^ 
j^ii^THm^z^ti b i-mx'^ i.m-ox. s^^^fig 
mbmmm-^ti^mi-htii^. mm-m-Bim 
z^tihm«'^±imnzx6mm'mmm. ^mzx 

[0007] St. ^WM^hii. l^-Ky=J)V- 3 - 

\^uv'J/yt:i.#mmizm7ttimmiM^^hye^ 
SttN -'^y i^vu- 3 - t°D y $/y-;i^co^ji:^t*3 

ill. N-'vy iZ/P- 3 - 'J 'Jy-JVcr)ie^W^\^ 

±-thzbi>^^^tiiUc, ariz^mmiii-t. 
[0008] *^tfl(cfcv^-c{±. mmx'hiN-<yi^ 

Ttfh, ilBN-Kyi^vu-s-eDUj^'/yJi, #IW 

035 4 - 1 6 4 6 6-^ii:$fi(ciFlS§ilTV^I,:^T'-^^ 
-ri>::i:;</'^t-t'l>o -ft^hh. Kyi/iVT^ybTi^') 
)vmy~i-ivb^-?^ 'rivim^'^h^ibf.zi: mhiit 

T'S-fbS-ti:, N-<yi->-4-;<^;k4<xh:«ri^-3- 
tn>;h*y^#l.. roi^OSrlSiEtiOIBi^iEL-rN 

[0009] ^^ajt^SV^TJi. ±ieg#*S;S5r, 

««*»<i>5:&ZSiK*t1td. ±^SmbLXii. _hie 
N -<y 3 - fn y v-V y ^rit^SJKMt-jlTC-r 
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!»iBT6 - 14 18 7 e^{^m^zm^ixx\^mm 
[0010] ±iBaM*t Lxi.imzm^^hi'. mi 

{fs T^r;?.;<?X ( Depodascus ) JR, f'-'^U 
:tV-< -fe:::?. ( Debaryomyces )Jg, J^UTh 
3>y;^X ( Cryptococcus ) Jg, iP 
i ch i a ) JS, n-F:^,t^ijT'>A ( Rhodspo 10 
r i d i urn ) N U 3X/K'n>- ( T r i c h o s p 
o r o n ) JR, 3V;<f^'X5 ( Koma gat ae 1 1 
a) ^y/^-xr ( Qgataea ) Jg, ^d-^-v:^ 
OV--f-tX ( Zygosaccharomyces ) 
Ji, Xi'xyhT ( Escherichia ) S:? 
P3>y;<r;^ ( Mi crococcus ) JS^ i^i— 
-f-X ( Pseudomonas ) JS, ^■\'>'T -f / (C. 
and i da ) Jg, •^•y:tlX3^-i ay'i^X ( Sac ch 
a r o my c o p s i s ) ^^i^YUy ( P a c h y 
so 1 e n ) Jg^lCjg-ri.a^tllfSr^lf'?. ^ t ti^X'^ 20 

cox'hr>xi>X\\ 

[0011] ±simt¥c'mmv^t ixumzm^^ii 
-r. mm. mi^mm. mmmxmmmm 
mtk. mmm!m^. m^mi^xumm-t^mta 30 

t ixmm^^ixt. mm. im'^<^'m'^. ^ 

mimfhztii^x'^h. immi^. i^mx'o 
mm^mmi. ^ii^m^ixhi^\ 
[0012] ±ii^mmmmm-?>^mmmt ix 

y 'jy yRi/^fmx'hiN -<y\;)v- 3 - en u 

hi\.\m\,zm%^ivf . mx.\i. KKxxr/t', SSKx 40 

^; i^'X^;l/X— f/'l^. v-^ y7'PbVl^X— f;l/^<50X 

mY^mm-. n-^^^y^ n-T;f;ym<7)mmmt 

; ;< ^;i/xf-/i^ir hy. ^ "fJVA V 7'f-;i^^ h y 

mi. ?as. PHifoKjEE*mtJ;i.:«-i;*i:^^ttfc 
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9 5/5-^5/9 5 cr>mBmtL 

v\ 

[0013] ±ieBsSRfEt J;l.±ieN-'<yi/;w- 3 

nxummti zbizXnx'fTozbi}<x'^h, ±e» 
«M^(±. ±ie»smtcfflisssi: ixMim-^i- 
yrsH • rr-vi^'^^'UJi-^H (nadh) . mt 

m-zii-yr^Y ■ TT-y>''>f^^^^^'O^K (N 

ADPH) ^i-<mt-f6coX'. K^MzZil^^ma 
NADH. NADPH^Sr^^fSRJtEi'Xr 

M.^mmzmm^'mi)^h^, mm. ^wsmm 

7i>ii>NADH$:^-tSSie^. ^^/P3->?.att*^S* 
D N A D H X { i N A D P *^ A> N A D P H S: ±Ji5;-f- 1. 

Kmmmthzbti^x'%h. tfz. ±tm±mmM 
com^mz:^mix\<^hwmmco±^i^xTj^i^(o 
ttm^-^^dbhx'^^, 

[0014] jdmmRmii. K!smo-7 o , p h 

4'~~9'Ccr,^i^X''ifd:ibmJtl^\ X<Ottftl< 

it. m^^tmm. mm. mmm. mmmz 

i:'oXm^j:h*\ m^. 1-1 0 OB^^T'fcSo tfz. 

iMmm^mt. ^mmmbyHMb*-M-^ti>m.i<z 
mixndibmti\'^i)^. ^(owmmt. fflv^ 
(.iih^mmmmm. tmmmbmbmm. k 

[0015] immmmmim. ^mmmmm^ 
X. mm. ^immimLxBm<7)m^-mN-K 

yjiv- 3 - t"p y b *>'-c-# l . M 

i^y;!^y;l/^'DvN^57-<-^^S#(:J:0«iS 

'j/-)]^imzbti^v^i. 

[0016] 

[0017] mmm i 

N -'sy y-VU- 3 - h"P y i/V >- 1 0 m g Srft#§ litii 
'gtffOt'?. 10 0mM^)^KiSir?« (PH6. 5) 
0. 5m\ bmiZ^sLfz^m^i^O. 5m\ biMl 
X<tmirz. ^ixt|iItt>OSr3*fflSL. a<?l* 

mM<0-'^i:^x^o-?hyyy ^-liZ^t. N-^y 
v^;l/-3-tpy vVyiSr^^tUv!. m*)cr,2^com 
ii«{±, 3 0rT'-?-*l-f*il8ll$St4 2ll#raigaL-t 

|sI»(cN-'<.yx;l^-3-h'ny>'Vy2:^L 
;t . « Hw 0 Bt^g<7) N -'sy i^vu- 3 - b°a y i'V y 
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1 0 0%k Uct 1 8fmm. 4 2mk<^ 

[0 0 18] ^.X^?D-7h/7 7.^-ayS^^ft : 
i>,:UniportB, 10%PEG-20M. 4. 0* 



*mmIDxl. Om. 

[0019] 
[IRI] 



2 0 0°C. ^^V-^ 





N - 'N - J 








10. .3 mg 


100 


94 




9. 3 ms 


98 


95 




1 0. 2 me 


101 


97 




1 1. 1 mg 


1 0 3 


1 0 0 




8. 5 mg 


1 0 0 


9 4 




8. 8 mg 


97 


93 




7. 6 mg 


96 


84 




7. 2 mg 


93 


23 




8. 0 mg 


9 8 


92 




8. 7 mg 


1 0 1 


56 




7. 0 mg 


80 


4 6 




6. 0 mg 


102 


92 






6 2 


46 






103 


104 



[00 2 0] ||)5fiM2 

m 1 -f-o^w-jiLT. 1 2 ccf 2 o'ftmsmm^ii^ 

KH2 PO4 
(NH4 ) 2 HPO4 
NaC 1 



3 
1 

6 5 
1 



To 

To 



% 
% 
% 



4 
0. 
0. 
0. 
0. 

MgS04-7H2 0 0.8 

ZnS04 • 7H2 O 0. 06 % ^ [0022] 

( 1 ) ±iB«ftS»?S 

( 2 ) 

(3 ) -a^yrs. F ■ TT-Vi^'5^'^-^^^'0^K 

(4 ) ^^juzi-xmmmm i^wmm^m 

( 5 ) N -Kyi^;u- 3 - h'n U v-V y 

( 6 ) mi^y^)i 
[0023] ( 1 ) - ( 6 ) mm^z-ati^ix 



»<Fe SO4 • 7H2 O 0.09% 
CUSO4 • 5H2 O 0.005% 
MnS04 ■ 4~6H2 O 0.01% 

PH7. 0 

[002 1] zix^<r>mw^mizm2i<z^-tm.m i 

30 a^SSSLT, 3 0-Ct'2 4-7 2lBr^lia^«L 

ymik. #a*&loomMo^ggs«^fit (pH6. 

5 ) 1 m 1 {cSiS^-frTTiEiORjefS^^H-i: LTffiffl t 



[0 0 24] HPLC:})-*f^f^^:;{?9A; Chi ra 1* 



0. 5ml 

5 . 4mg 
0. 275mg 
2. 84u n i t s 
1 mg 
0.5ml 

★ eel oBir^ ^Mwxm^) , mmm n - 
^^^y/-f vrxmj-)V/V:L^)V7\y=9 9 / 

1/0. 1. ^iil; 2 54nm, aE)i: Iml/ mi 

n/smm-. (B)*6. 1^. {s)m. 

[0025] 
[^2] 
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mm (%ee) 


^Pi^bia ioenibr8naefaciens)iFO oi82 


54 


(S) 9 7 


(Pichia pembranaefaciens)IPO 0186 


34 


(S) 9 8 
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[00 2 6]J:t^Wl *mizttiibfz. 

mmm2b mm^zmmmmmmimmt, kz4z [0027] 





mm (%) 




(ridLia >ieiibranaefacieiis)lPO 0182 


28 


(S) 7 8 


(Pichia Benbragaefaciens) IPO 0186 


.1 5 


<S) 9 4 



[0 0 28] Illlfefiaj3 

















1 . 


0% 




1 . 


0% 




0. 


5% 


NaC 1 


0. 


3% 








pH7. 0 







[0029] Zff)m#i^miZJii^3. U t r ■ a ij ( Es 
c h e r i c h i a c o 1 i ) I FO 1 27345: 
la^SSfSL-C. 3 0''CT2 4^raiSai|iilt/>:. o 

1 0 0mM'5^e^»^g (pH 6. 5)2ml^ 



%. m^l^mms) 5 9%eeTj)-?/S, 
20 [0 0 30]ib«^J2 

mmm3tmzJi>-xVhT ■ nU ( Es che r l 
ch i a c o 1 i ) IFO 1 2 7 3 4 OS^^Jgjia 

-ofztzb. mmi7%. mmm (s) 58%e 

[0 03 1 ]||]iW4 

«4 iZ7ikitc'mmz-:>\ ^xmmm 2 1 mmcmmn 

^v->, -e<7)te*?:a4tc4fctf)7t. 
[0032] 
[«4] 
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9 10 









(DeDodascus t^trasoerffla)CBS 76a 70 


5 0 


(S) 3 7 


fWm-A>*-"»/^7iT^'^\>ti- IPO 0728 
CDebaryonyces hansenii var, hansenii) 


1 0 0 


(S) 9 9 


CCandida iialtosa)lFO 1976 


34 


(R) 2 6 


(Candida troDicalisHPO 1401 


26 


(S) 4 6 


(cii4iiajiiUiifi)iAM 4815 


32 


(S) 2 8 


CCapdlda taldkii) IPO 1O035 


35 


CS) 4 6 


^'■jyhay^X'T^l/t'yx IF0 0378 
(GrvD^gqoccus albidua alMM) 


42 


(S) 6 


(Picliia Mmbranaefaciens^lFO 0182 


54 


(S) 9 7 


(P^C^^ membranaefaciens)iFD 0188 


34 


<S) 9 8 


(Rhodsporidiuai toruloides) IPO 0413 


3 2 


(S) 100 


CSaccharomvcoosis llDolvticaMFO 0746 


39 


(S) 9 8 


C^flccharomycoDsis liDolytica)IFD 143T 


3 2 


(S) 9 8 


iTricnosDoroD i6ni}finv&nS^AiM.r luoio 


28 


(S) 9 8 


(TrichosDoron fenDentans)IPO 1199 


2 d 


(S) 9 7 


(KoMakaUa mimi)iFO 0948 


2 4 


(S) 9 7 


fOwtaeft TJolvwroha) IFQ 1476 


26 


(S) 1 0 0 


CZvmaccharoivces bailiDIFO 0519 


24 


(S) 8 8 



[0 0 3 3] %m\5 * [0 034 3 







^feWK (%e e) 


(E5h£ri£lul£flii)IFa 12734 


20 


(S) 5 9 


(Esherichia Mi)IFO 3806 


29 


(S) 4 9 


(Micrococcus luleus)IFO 13867 


34 


(S) 9 8 


(PseudoBaopas jiiiuaulA)IPO 12697 


29 


(R) 9 5 



[00 3 5] HM^JS 

mm3<.z5rsLfzm.ij^t:,^smmmwmL. 50 

0 m 1 ^iSP 7 -5 X3 1 1 0 0 m 1 L/; t ^0$: 2 5 
*fflSt. 1 2 0°C-C2 0^^||^iaa2:i3C^-5;t:. 
C<0=g-^(C, lltfef^j3i:|SimtLTtS«Uv:i/a-K^ 

• T 5 ^ — ( Pseudomonas dim 



^mzmiLX. 3 0-Ct'2 4li#SJgat§«L;t, #^.^1. 
^tg^JSi: 0)I'llv5)-«it J: DSft^^SL 1 0 0 mM 0 
^Kil«?S(pH6. 5) 50 0m U^SjSUCo ifl 
(CN-'^y 3 - fa D > 5 g t //l-rJ-^ 1 

•9 AM rnXm. ) 2 7 5 m g , 7';l-3-Xii7K*P* 



i nu ta ) I F O 12 6 9 70i§«?S2m 1 S-il®^50 (^S^^ttlS) 1 4 2 0 u n i t s . PiJ7"f-;1^5 0 



1 1 

Om 1 i:Mx.X3 0'CX'2 4mmiX^^^fz. 

hh-txMTmmi- h u ^Ax-iM^f^. ^rmm^^ 

* Uc . mi^^mw IX N-Kyi^fi- 3 - t'D y i^y 

(R) ^.lifi 3 2-1 3 7r/3mmHg. te3£K 
[a]D203.73* (CHs OH, C = 5). iH- 
NMR ?(CDCl3); 1.63-1.76(1 
H, m), 2. 09-2. 21 (IH, m), 2. 26 
-2. 37 (IH. m). 2. 51-2. 64 (2H, 
m), 2. 75-2. 85 (IH, m). 3. 38 (1 
H, brs), 3. 61 (2H, s). 4. 24-4. 
33 (IH, m), 7. 19-7. 37 (5H, m). 
[00 36] ||]|t^j7 

mim2^zwcmfii.t'^^j:mmmimmi. 5 0 

0 m 1 ^SP77X3(C 5 0 m 1 iJ-aiTt t^OSr 5 0* 

fflEL, 1 2orf2 0^l8J^^iaa**3^^r-5^c, 
<0#^{:, SIMM2t|H]mcLTt^«L;^^t"df7- 

yyyyri^^y^ ( P l c h l a membrana 
efaciens ) 



IFO 0 1 82«tg«?Slm 1 
3 0X:T2 4l^fSIlia^§|t^. # 

^>ti./its«?aj; ^jm't^mizx mmmrnt 1 0 om 

M0^S^«^(pH6. 5) 5 0 0m UcSjStJt, 
■I file N -'<.yj/*;l'- 3 - trn >J S/y y 5 g i: //l^a- 
X 1 0 g . 3i7^-:3f-yT 5 HTr- V • i^^ 9 U^t 

f- F 0 ^s§ ( mA^m ) 2 7 5 m g , ^vi.a-^iBi^s 
i^i^ (^»i^tt«) 1 4 2 0 u n i t s , mmy^-ii^ 

5 0 0ml iMlX 3 OVX'4 S'^mntXRIti^it* 30 

( 1 ) mmmmmm 

( 2 ) ^Vl^n-;;^ 

(3) -nf-yrs F ■ TT->'j^'.5^^'^':t^^-'5^M 

(4 ) /;i/n-xfi7K«Bjg (?^lfS^ttSg) 
( 5 ) N -'^y 3 - h°P U ^-V y 
( 6 ) KKT-^/l. 

[0039] ±fe^o (1)^(6) mmmz^mix 
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1 2 

R;G?Sc^pH{i6NW/-y7[(}§?St'6. 5 eft 
o/^. RlCflfc, RiE?St»K7'f-;1.2. 5Lt:1]nlxm 

ihh^xmymmi' h u ^j^xmm. msrmm 

fflSL (s) -N-'<yy';l^-3-epli>'V-;i^2. 
5g5rt#Jt, JR*4 9%, 3t^S9 6%ee. 
3 2~13 7'C/3mmHg, [«] D2o-3. 

10 73' (CHsOH, C = 5)„ iH-NMR 5(C 
DCI3 ): 1. 63-1. 76 (IH, m). 2. 0 
9-2. 21 (IH, m), 2. 26-2. 37(1 
H, m). 2. 51-2. 64(2H, m), 2. 75 
-2. 85 (IH, m), 3. 38(1H. brs). 
3.61 (2H, s) . 4. 24-4. 33 (IH, 
m) . 7. 19-7. 37 (5H, m) , 

[0037] mmmB 

^m2\,z^sLfzmLi)-^ti:mmmmmL. 50 

Om lfflESP77;^3t5 0m 1 ^^LTt 5 0 
20 *fflSL, 1 2O°CT-2 0:J)-ra»aS$rfc;=5r^5'v:. 
i t . HiiW 2 t [s|«tc t Tt§» L/^c h U 3 
ay- y r—y^y^^yx ( Trichosporon 



f e rme nt ans ) ATCC 1 0 6 7 5(:?)^il?S 

1 m 1 i^mm^zmm lt , 3 o -ex 2 4 B$ra 

10 0mM•)^iSli»?R(pH6. 5) 500mHC« 

mLfz. ^tit:mr^yy^y<^mmmm\,zxy)mw 

[0038] 



M^L, SSL^*^'A.3 0rT'2 0B$fa^JiE$-tt/Co K 

mk. mmmi tnmt,z^^m^mmmt±jmcr)-yt 

(S) 9 9%eet'$>-5Jt, 
[0040] 



0. 5m 1 
5. 4mg 
0. 26mg 
2 . 8 4 u n i t s 
1 mg 
0. 5ml 

N-'^yi/;!/- 3 - t°a H ^/y-;u5-S!;$W(c. 
i>zi*)nh fLl.*^JSttN -<y 3 - U 
miK'^'J^ Fpf»j i/'y^^'lt^llj^coisagifti LT* 
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(51) Int. CI. s 




C 1 2R 


1:72) 


(C 1 2 P 


17/10 


C 1 2R 


1:645) 


(CI 2P 


17/10 


C 1 2R 


1:84) 


(CI 2P 


17/10 


C 1 2R 


1:19) 


(C12P 


17/10 


C 1 2R 


1:38) 


(C 1 2P 


17/10 


C 1 2R 


1:265) 


C07M 


7:00 



mm^ F I 



